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Edited by Ned ManteiAbstract Musashi-1 is involved in maintenance of neural stem
cells. In the rat stomach, we found some cells in the luminal com-
partment of the mucosa that stained positively for Musashi-1.
These cells were distinct from other cells of epithelial lineage,
except for parietal cells, and coexpressed HES5. The Musashi-
1-positive cells exfoliated after damage, while Musashi-1 expres-
sion in neck cells were upregulated, and proliferating cells
diminished before reappearing and increasing in number thereaf-
ter. We conclude that a subpopulation of parietal cells acts as a
source of Musashi-1, which contributes to rapid re-epithelization
by restoration of stem cells and regulation of cell diﬀerentiation.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
Keywords: Musashi-1; Stem cell; Mucosal restitution;
Diﬀerentiation1. Introduction
The epithelium of the gastrointestinal tract is constantly
being regenerated. In the resting state, an equilibrium is present
between the rate of production and the rate of loss of surface
epithelial cells [1]. The gastric mucosa is able to repair its epithe-
lium very rapidly after damage. Hence, an almost complete res-
titution of the cat gastric surface epithelium has been reported
90 min after mucosal exposure to a hyperosmotic solution [2].
Superﬁcial gastric erosions induced in rats by aspirin are cov-
ered by an epithelium consisting of undiﬀerentiated cells 2 h
after induction of damage [3,4], and the rat mucosa is largely
resealed with cells 1 h after exposure to absolute ethanol [5,6].
Cell migration from the gland begins within minutes of
superﬁcial injury. This early re-epithelization of the gastric mu-
cosa is a complex process involving a number of diﬀerent cell
systems [7]. Recently, adult stem cells that are intrinsic to var-
ious tissues have been described and characterized. These cells
are capable of maintaining, generating and replacing termi-
nally diﬀerentiated cells within their own speciﬁc tissue, as re-
quired by physiological cell turnover or tissue damage due to
injury. The existence of multipotential stem cells in the adult
mouse gastric epithelium has been demonstrated using chemi-
cal mutagenesis [8], and radioautographic studies have indi-
cated that renewal of gastric epithelial cells appears to occur*Corresponding author. Fax: +81 3 3353 6247.
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doi:10.1016/j.febslet.2005.11.041through mitosis of cells near the junction between the pit
and its associated gland, in a region called the isthmus [9–
11]. The stem cells give rise to precursor cells which migrate
bidirectionally from the isthmus [9,11–13]. It is postulated that
one of the committed precursor cells, the pre-pit cell, produces
surface mucous cells, which diﬀerentiate as they climb the pit
wall [14,15]. Another committed precursor cell, the pre-neck
cell, gives rise to neck cells, which diﬀerentiate to pepsino-
gen-producing chief cells as they descend to the base of the
gland [12]. Unlike these two lineages, parietal cells are assumed
to diﬀerentiate within the isthmus from pre-parietal cells and
then migrate either up or down the unit [13]. In addition to
their role in gastric acid secretion, parietal cells secrete a num-
ber of growth factors that may inﬂuence the diﬀerentiation of
other gastric-lineage cells [16–18].
The stem cell in the stomach has yet to be precisely identiﬁed,
and knowledge of the fate of stem cells after mucosal injury is
largely incomplete, primarily due to the lack of discrete stem
cell markers. Musashi-1 (Msi-1), a mammalian RNA-binding
protein, has been found to be a marker of fetal and adult neural
progenitor cells including stem cells and to be involved in their
maintenance [19–22]. Recent studies have demonstrated that
Msi-1 is a distinctive marker of epithelial stem cells in the crypt
of mouse small intestine and human colon [23–26]. Msi-1 is also
expressed in the progenitor cells of the amphibian stomach epi-
thelium during metamorphosis before ﬁnal diﬀerentiation [27].
The purpose of this study was to identify Msi-1-positive cells in
the stomach epithelium of the adult rat, and to analyze the tem-
poral and spatial distribution of Msi-1 cells and proliferating
cells during mucosal injury and regeneration.2. Materials and methods
2.1. Animal preparation
Male Wistar rats weighing about 200 g were fasted for 24 h, but al-
lowed free access to water. All animal protocols were approved by the
Keio University Animal Research Committee. Absolute ethanol (1 ml)
was instilled into the stomach by orogastric intubation. The rats were
euthanized using an ether overdose 5 min, 1 h, 6 h, 2 h, 48 h, 4 days
and 7 days after ethanol instillation. The abdomen was immediately
opened, and the stomach removed and opened along the greater curva-
ture. A strip of the corpus was taken for histology and Western blot
analysis.
2.2. Antibodies
The biotinylated Msi-1 antibody is a rat monoclonal (14H-1) that
recognizes amino acids 235–244 on Msi-1 (LAPGYTYQFP) [20].
Other primary antibodies used were mouse anti-proliferating cell nu-
clear antigen (PCNA) IgG (DAKO, Carpinteria, CA, ﬁnal dilutionblished by Elsevier B.V. All rights reserved.
Fig. 1. Western blot analysis of Msi-1 expression in the rat gastric
corpus (G), small intestine (I), colon (C), liver (L) and spleen (S). The
anti-Msi-1 antibody recognizes a doublet at 37–40 kDa. Strong
expression of Msi-1 occurred in the gastrointestinal tract.
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tics, Inc. Flanders, NJ, ﬁnal dilution 1:200), sheep anti-pepsinogen II
IgG (United States Biological, Swampscott, MA, ﬁnal dilution
1:100), mouse anti-Muc6 IgM (Kanto Kagaku, Tokyo, ﬁnal dilution
1:100), rabbit anti-HES5 IgG (CeMines Inc., Golden, CO, ﬁnal dilu-
tion 1:100) and mouse anti-b-actin IgG (Sigma, St. Louis, MO).
Secondary antibodies used were horseradish peroxidase-conjugated
goat anti-mouse IgG (EnVision+, DAKO), alkaline phosphatase
(ALP)-conjugated sheep anti-mouse IgG (Sigma, ﬁnal dilution 1:50),
ALP-conjugated donkey anti-sheep IgG (Sigma, ﬁnal dilution 1:50),
ALP-conjugated goat anti-rabbit IgG and ALP-conjugated rabbit
anti-mouse IgM (Rockland, Gilbertsville, PA, ﬁnal dilution 1:500).
2.3. Histological analysis
For histological analysis, the corpus of the stomach was ﬁxed in 10%
neutral-buﬀered formalin overnight. The tissue was stored in 70% eth-
anol for a variable length of time, embedded in paraﬃn, and sectioned
(4-lm thick). The sections were then stained with hematoxylin and eo-
sin (H&E) using standard techniques. For immunohistochemistry, the
paraﬃn-embedded sections were ﬁrst deparaﬃnized. Immunostaining
of Msi-1 was performed using a catalyzed signal ampliﬁcation
(CSA+) system (DAKO). The procedure followed the manufac-
turers instructions, except that a longer incubation period of 40 min
(compared to 15 min in the original protocol) was used with anti-
Msi-1 antibody (ﬁnal dilution 1:2500), and the step in which the biotin-
ylated antibody of the kit is placed on the section was omitted, since
the biotinylated Msi-1 antibody was used. The method used for dou-
ble-color immunostaining has been described elsewhere [28]. Brieﬂy,
sections were pretreated with an appropriate retrieval procedure for
each antigen, processed using CSA+ or an indirect immunoperoxi-
dase method with EnVision+, and stained brown with 3,3 0-diam-
inobenzidine hydrochloride (DAB). The sections were then incubated
with the second antibody for 1 h, followed by incubation with ALP-
conjugated IgG or IgM for 40 min. The labeled cells were stained blue
with an ALP substrate kit III (Vector Blue, Vector Laboratories Inc.,
Burlingame, CA).
For antigen retrieval of pepsinogen II, proteinase K (DAKO) was
applied topically to the deparaﬃnized sections for 6 min. For antigen
retrieval of PCNA, the sections were heated in distilled water in an
autoclave for 10 min. No antigen retrieval procedure was used for
Msi-1, HES5, H+/K+-ATPase or Muc6 staining.
2.4. Scoring of Msi-1 cells, proliferating cells, HES5 cells and mucous
neck cells
Sections that underwent double-color immunostaining using Msi-1
and PCNA, and those with single immunostaining with HES5 or
Muc6 were analyzed to determine the number of immunostained cells.
Sections were used from 5 rats, and in each 10 well-oriented gastric
units were counted. These units contained a continuous column of epi-
thelial cells from the base region to the tip of the pit region. The aver-
age numbers of Msi-1-, PCNA-, HES5-and Muc6-positive cells were
obtained.
The mucosal injury caused by ethanol was not uniform in the sec-
tion, particularly 1 h after administration. Therefore, we counted the
number of positive cells in lesions where mucosal damage was observed
in H&E staining, and where cellular necrosis and vascular congestion
were dominant.
Results were evaluated by a Bonferroni/Dunn-test. Probability val-
ues below 0.01 were considered to be signiﬁcant.
2.5. Western blot analysis
Whole tissues from the gastric corpus, small intestine, colon, liver
and spleen of rats were homogenized in ice-cold lysis buﬀer (50 mM
Tris–HCl, 150 mM NaCl, 10 mM EDTA, 1% Triton-X) containing
protease inhibitor cocktail (Boehringer Mannheim, GmbH, Germany).
Homogenates were centrifuged at 15000 · g for 10 min at 4 C. Super-
natants were collected and protein concentrations were determined.
Protein samples (20 lg) were electrophoresed on NuPAGE+ 10%
Bis–Tris gels (Invitrogen, Carlsbad, CA), and transferred to polyvinyl-
idene diﬂuoride membranes (Millipore, Bedford, MA). Membranes
were blocked with blocking solution (Block Ace, Dainippon Seiyaku,
Tokyo, Japan) for 1 h before incubation with a biotinylated rat anti-
body against Msi-1 (ﬁnal dilution 1:15000) or b-actin (Sigma; ﬁnal
dilution 1:2000) overnight. Membranes were washed three times withTris–buﬀered saline containing 0.1% Tween 20. For detection of
Msi-1 expression, the membrane was treated with CSA+, as de-
scribed above, and binding was detected through staining with DAB.
For detection of b-actin, the membrane was incubated with ALP-con-
jugated anti-mouse antibody, and the immune complex was visualized
with an ALP substrate kit.3. Results
3.1. Expression of Msi-1 in the rat stomach
In the Western blots, Msi-1 was expressed in the gastric cor-
pus of the rat (Fig. 1). Positive bands were also observed in the
small intestine and colon, whereas liver and spleen did not ex-
press Msi-1. The doublet band is due to splice variants [23,29].
Some cells in the luminal compartment of the mucosa stained
positively for Musashi-1 (Fig. 2A). Most of these cells were lo-
cated in the isthmus, and we did not ﬁnd Msi-1-positive cells in
the antrum mucosa (data not shown). Preabsorption of Msi-1
antibody with Msi-1 peptide resulted in negative staining for
Msi-1, indicating the speciﬁcity of the staining (Fig. 2B). The
Msi-1 staining was predominantly cytoplasmic. One or two
strongly-labeled cells were present in the isthmus of normal
mucosa, and beneath these cells several weakly-labeled cells
were present (Fig. 2C). Double-color immunostaining revealed
the topographical localization of Msi-1 cells and other epithe-
lial lineage cells in the pit and gland. Msi-1-positive cells were
distinct from the surface mucous cells, which stained with Al-
cian Blue (Fig. 3A). The distribution of Msi-1-positive cells
was distant from Muc6-positive mucous cells in the neck
(Fig. 3B). Msi-1 was not coexpressed with pepsinogen II-
stained chief cells (Fig. 3C), but coexpressed with H+/K+-ATP-
ase-stained parietal cells in the isthmus (Fig. 3D). Msi-1-posi-
tive cells were distributed just above the PCNA-positive cells
(Fig. 4A), but did not co-stain with PCNA. The PCNA-posi-
tive proliferating cells were present in the upper part of the mu-
cous neck cells (Fig. 4B). The distribution of HES5-positive
cells was similar to that of the proliferating cells, except that
a small number of HES5-positive cells were present in the isth-
mus (Fig. 4C), but double-color HES5 and PCNA staining
showed that the HES5 cell population was distinct from the
PCNA cell population (Fig. 4D). The nuclei of some Msi-1-po-
sitive cells stained for HES5, but cells positive for Msi-1 only
were also present in the isthmus, and cells staining for HES5
alone were distributed below the Msi-1-positive cells
(Fig. 4E). Similarly to the Msi-1-positive cells, all the HES5-
positive cells coexpressed H+/K+-ATPase (Fig. 4F).
3.2. Spatial and temporal distribution of Msi-1 cells and PCNA
cells during mucosal injury and renewal
Western blot analysis showed that Msi-1 expression in the
gastric corpus increased from 6 to 48 h after ethanol adminis-
Fig. 2. Immunohistochemical expression of Msi-1-positive cells in the rat gastric mucosa. (A) Msi-1-positive staining of cells in the luminal
compartment of the mucosa. (B) A serial section of (A) showed negative staining for Msi-1 when Msi-1 antibody was preabsorbed with Msi-1
peptide. (C) At higher magniﬁcation, Msi-1 staining was found to be cytoplasmic. Beneath the cells with strong Msi-1 expression (arrows), several
weakly-labeled cells (arrowheads) were observed. Scales indicate 30 lm.
Fig. 3. Immunohistochemical analysis showing localization of Msi-1-
positive cells and epithelial lineage cells. (A) Msi-1-positive cells were
distinct from the surface mucous cells, which stained with Alcian Blue.
(B) The distribution of Msi-1 cells was distal to Muc6-positive mucous
neck cells. (C) Double-color staining showing expression of Msi-1 and
pepsinogen II. Msi-1-positive cells were not colocalized with pepsin-
ogen II. (D) Double-color staining showing expression of Msi-1 and
H+/K+-ATPase. The inset shows the ﬁndings at high magniﬁcation.
The Msi-1-positive cells coexpressed H+/K+-ATPase. Scales indicate
30 lm.
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Histological analysis of the process of mucosal injury and re-
pair after ethanol administration by H&E staining and dou-
ble-color Msi-1 and PCNA immunostaining are shown in
Fig. 6. In the normal mucosa before ethanol administration
(Fig. 6A), there were fewer Msi-1 cells than PCNA cells
(Fig. 6B and C). Surface mucous cells exfoliated 5 min after
ethanol administration (Fig. 6D), and Msi-1 cells in the lumi-
nal compartment of the mucosa detached from the gland and
shed into the gastric lumen, while many cells in the neck of the
gland stained positively for Msi-1 (Fig. 6E and F). On the
other hand, PCNA cells disappeared after 5 min. Many Msi-
1 cells showing strong cytoplasmic staining were found in the
damaged mucosa 1 h after ethanol administration, whereas
few PCNA cells were observed (Fig. 6G–I). A small number
of PCNA cells reappeared 6 h after ethanol administration
(Fig. 6J–L). In control animals, PCNA cells were distributed
below the Msi-1 cell population, but in the initial stage of
mucosal regeneration after 6 h, most PCNA cells were found
above Msi-1 cells. Msi-1 and PCNA cells were intermingled
in the gland 24 h after ethanol treatment, and this rearrange-ment of the Msi-1 and PCNA cell locations lasted for four
days, by which time the mucosa seemed to be largely restituted,
based on H&E-stained sections (Fig. 6M–O). The distribution
of Msi-1 and PCNA cells returned to the basal state after seven
days (Fig. 6P–R).
The time course of changes in the number of Msi-1, PCNA,
HES5 and Muc6 cells are shown in Fig. 7. The number of Msi-
1 cells increased 5 min after administration of ethanol. The sig-
niﬁcant increase in Msi-1 cells lasted until 48 h after ethanol
treatment, with their number gradually returning to the basal
level by seven days (Fig. 7A). The temporal distribution of
PCNA cells showed a biphasic pattern. PCNA cells were al-
most eliminated 5 min after injury, but began to be restored
after 6 h, and reached a high level after 24 h (Fig. 7B). They
had decreased again by 48 h, but then gradually increased until
seven days. HES5 cells showed a transient increase after 1 h,
and then decreased from 6 to 48 h, as PCNA cells began to in-
crease (Fig. 7C). In contrast with the changes in the numbers
of Msi-1, HES5 and PCNA cells, the number of Muc6-positive
mucous neck cells did not change signiﬁcantly during the pro-
cess of mucosal injury and restitution (Fig. 7D).4. Discussion
In mammals, Msi-1 may be involved in self-renewal
proliferation of neural stem cells [19–22]. Our data show that
expression of Msi-1 occurs in the rat stomach, and that Msi-
1-positive cells are present in the luminal compartment of the
corpus mucosa of the rat stomach. Most of these cells were lo-
cated in the isthmus among the epithelial progenitors. The
Msi-1 cells were distinct from Alcian Blue-positive surface mu-
cous cells and pepsinogen II-positive chief cells. The Msi-1
cells were also distinct from Muc6-positive mucous neck cells
and rapidly proliferating cells, which were identiﬁed by their
PCNA-stained nuclei, whereas the Msi-1 cells coexpressed
H+/K+-ATPase. Msi-1 expression was not demonstrated in
the antrum epithelial lining, which also undergoes continuous
rapid renewal but does not contain parietal cells. It is of inter-
est that a gene related to stem cell maintenance is expressed in
parietal cells in the isthmus. In addition to stem cells, the
precursors of pit and neck cells, the isthmus of the stomach
contains parietal cells with diﬀerent degrees of maturation
[13]. Functional and morphological heterogeneity of parietal
cells has been reported [30–32]. Although we were unable to
determine precisely whether Msi-1 is expressed in mature or
immature parietal cells, the size, shape and signiﬁcant H+/
K+-ATPase staining of the Msi-1 cells suggest that they are
diﬀerentiated. This implies that in the rat stomach mature
Fig. 4. Immunohistochemical analysis showing localization of Msi-1, HES5, PCNA and Muc6 cells. (A) Msi-1-positive cells were distributed just
above the PCNA cells, and the Msi-1 cells did not coexpress PCNA. (B) PCNA-positive cells were found in the upper region of Muc6-positive
mucous neck cells. (C) HES5-positive cells were also found in the upper region of the mucous neck cells, and the distribution of HES5 cells were
similar to that of PCNA cells, although some HES5 cells were also present in the isthmus. (D) Double-color staining, showing that HES5-positive
cells were distinct from PCNA-positive cells. (E) Some Msi-1-positive cells in the isthmus coexpressed HES5 in their nuclei. The inset shows the
ﬁndings at high magniﬁcation. Cells positive for HES5 alone were distributed below the Msi-1-positive cells. (F) HES5-positive cells coexpressed H+/
K+-ATPase. The inset shows the ﬁndings at high magniﬁcation. Scales indicate 30 lm.
Fig. 5. Western blot analysis of Msi-1 and b-actin expression in the
gastric corpus during ethanol-induced mucosal injury and restitution.
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quired for maintenance of stem cells in the local environment.
It has been demonstrated that ablation of parietal cells by
targeting the H+/K+-ATPase gene leads to dissolution of glan-
dular structure with the loss of chief and mucus-producing
cells in transgenic mice, and that termination of ablation treat-
ment leads to the reemergence of all major gastric epithelial
cell types [33]. Furthermore, ablation of mature parietal cells
is associated with a four to ﬁvefold increase in the number
of granule-free cell precursors in the isthmus and neck [34].
These ﬁndings indicate that the parietal cells are in a strategic
position to inﬂuence decision-making among gastric epithelial
cell precursors. Msi-1 synthesized in the parietal cells may be
involved in proliferation and diﬀerentiation of isthmus-lineage
precursors and their diﬀerentiated descendants.
In the present study, some Msi-1-positive cells coexpressed
HES5 (mammalian hairy and Enhancer-of-split homologue).
HES5-positive cells were also present in the upper part of
the neck of the gland, where PCNA-positive proliferating cells
were distributed. HES1 and HES5 are basic helix–loop–helix
genes that play an important role in the maintenance of neural
stem cells [35]. HES1 and HES5 are essential for Notch activity
in regulation of mammalian neuronal diﬀerentiation [36], and
Msi-1 activates Notch signaling by repressing translation of
the Notch inhibitor m-Numb [22]. Thus, HES may be a down-
stream target gene for Msi-1. These ﬁndings support the
hypothesis that Msi-1 has a role in maintaining stem cells in
the rat stomach.The results of the current study show that expression of Msi-
1 occurs in the small intestine and colon. Msi-1 expression has
previously been found in the stem cell population in the crypt
of the mouse small intestine [23–25] and human colon [26].
These reports are in contrast with the current ﬁndings in the
rat stomach, where Msi-1 expression was found in a subpopu-
lation of mature parietal cells. The unique localization of
Msi-1 in the stomach can be related to a back-up system for
stem-cell recruitment, which supports rapid re-epithelization
after loss of stem cells due to mucosal injury.
Stem cells of the small intestine and colon are located deeper
in the mucosa, whereas stem cells of the stomach are thought
to reside in the isthmus, relatively close to the surface in the
mucosa. Hence, they are easily shed into the gastric lumen
after exposure to various stimuli. In fact, Msi-1-positive cells
in the luminal compartment of the mucosa did desquamate
with surface mucous cells 5 min after ethanol treatment in
the present study, while many Msi-1-positive cells were re-
cruited into the neck of the gland. Msi-1 expression in the pari-
etal cells of the neck may be turned on or upregulated after
injury, since the number of Msi-1 cells increased markedly in
the damaged mucosa 1 h after ethanol treatment. In contrast
with the increase in Msi-1 cells, PCNA-positive proliferating
cells had almost disappeared 1 h after the mucosal injury. In
the initial stage of mucosal regeneration, it is likely that in-
creased expression of Msi-1 directs the mucosa towards resto-
ration of stem cells for a short time before cell diﬀerentiation
and proliferation occur.
Proliferating cells reappeared 6 h after injury, and were lo-
cated above the Msi-1 cells, in contrast with the topographical
relationship in the steady state, in which the Msi-1 cells were
distributed above the proliferating cells. This suggests early,
preferential restitution of pit cells after superﬁcial mucosal in-
jury, in comparison with glandular cells. In the ensuing process
of mucosal regeneration, proliferating cells were restored, the
number of Msi-1-positive cells returned to the basal level,
and both cell types were redistributed. HES5 cells showed a
Fig. 6. Gastric sections taken before (0 min, A–C) and 5 min (D–F), 1 h (G–I), 6 h (J–L), 4 days (M–O) and 7 days (P–R) after administration of
ethanol. (A, D, G, J, M, P) H&E-stained sections, showing the time course of gastric mucosal damage and repair after ethanol administration. (B, E,
H, K, N, Q) Serial sections of A, D, G, J, M, P, respectively. The sections were stained for Msi-1 and PCNA. (C, F, I, L, O, R) Magniﬁed views of the
areas outlined in B, E, H, K, N, Q, respectively. Surface mucous cells exfoliated 5 min after ethanol administration, as indicated by arrows in D and
E. Msi-1-positive cells in the luminal compartment of the mucosa detached from the gland, and many cells expressed Msi-1 in the neck of the gland
(E, F). Arrows in G and H show exfoliated cells after 1 h. Scales indicate 50 lm.
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as PCNA cells began to increase. The diﬀerent time courses of
Msi-1 and HES5 cells during mucosal injury and restitution
suggest diﬀerent roles of these genes in stem cell restoration,
redistribution and diﬀerentiation.
Bone marrow-derived stem cells also repopulate the epithe-
lial lineage of the gastrointestinal tract during a regeneration
step after graft-versus-host disease or ulcer formation [37].
Moreover, bone marrow-derived stem cells can enter the
mouse stomach in a setting of chronic inﬂammation, repopu-
late the gastric mucosa, and contribute over time to metaplasia
and dysplasia [38]. However, in the rapid renewal process of
epithelial cells after acute superﬁcial mucosal injury, involve-
ment of bone marrow-derived stem cells is unlikely, since early
re-epithelization occurs even in in vitro gastric preparations towhich no blood-borne factors are available [39,40]. For early
mucosal restitution, beginning within minutes, multipotential
stem cells must be present in the adult tissue or must be in-
duced therein immediately after damage.
In summary, parietal cells in the luminal compartment of
the rat gastric mucosa express Msi-1, which is probably
required for local maintenance of stem cells in the resting
state. In the initial stage of epithelial restitution, Msi-1
expression in the neck of the gland is enhanced to restore
stem cells before cell diﬀerentiation and proliferation occur.
In the ensuing process of mucosal regeneration, proliferating
cells are restored and expression of Msi-1 returns to the basal
value. Hence, the alteration and redistribution of Msi-1
expression contributes to early re-epithelization during
mucosal restitution.
Fig. 7. Time course changes in the number of Msi-1-positive cells (A), PCNA-positive cells (B), HES5-positive cells (C) and Muc6-positive cells (D)
in a gland after ethanol administration. Each bar represents the means ± S.E. of results from ﬁve rats. The Y-axis shows the number of cells per
gland, and the X-axis shows the time after ethanol injection. \ Signiﬁcantly diﬀerent from the number before ethanol treatment (0 min), P < 0.01.
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